Objective The purpose of this study was to examine the relationships among depressive symptoms, stress and severity of binge eating symptoms in a community sample of African American and Hispanic or Latina women. Method Women (African American, n = 127; Hispanic or Latina, n = 44) completed measures of body composition, stress, depression, and binge eating. Results Scores on a depressive symptom scale indicated that 24.0 % of participants exhibited clinically significant levels of depressive symptoms. Mean binge eating scores were below the threshold for clinically diagnosed binge eating (12.99 ± 7.90). Mean stressful event scores were 25.86 ± 14.26 and the average stress impact score was 78.36 ± 55.43. Linear regression models found that body composition, stress impact score, and being classified as having clinically significant levels of depression were associated with severity of binge eating symptoms. Conclusion Higher levels of percent body fat, a CES-D score C16 and higher WSI-Impact scores were associated with greater severity of binge eating symptoms.
Introduction
A considerable disparity exists in overweight and obesity in minority women. The prevalence of overweight and obesity [body mass index (BMI) C25 kg/m 2 ] is higher among non-Hispanic African American and Hispanic or Latina women than any other ethnic and gender group in the USA. Among African American women, 78.2 % are overweight or obese, and 76.1 % of Hispanic or Latina women are overweight or obese compared to 61.2 % of non-Hispanic white women [1] . The high prevalence of overweight and obesity among African American and Hispanic or Latina women is linked to an increased risk of cardiovascular disease, type 2 diabetes, and some forms of cancer, including breast, colon, kidney, and esophageal [2, 3] . A recent empirical investigation of the underlying cause for this disparity suggests that energy intake may be the driving force behind this weight gap [4] .
Binge eating disorder (BED) and binge eating are characterized by overconsumption of large amounts of food and may contribute to difficulties in losing weight and maintaining weight loss [5, 6] . People who experience binge eating symptoms have higher BMIs compared to those who do not binge eat [6] [7] [8] [9] [10] [11] , and as BMI rises, binge eating episodes become more severe [6, 7, 9, 10, 12] . Given the higher rates of obesity in minority women and the positive relationship between weight and binge eating symptoms, minority women may be especially vulnerable to the development of BED, or binge eating symptoms may increase their vulnerability to overweight and obesity [10, [13] [14] [15] [16] . In support of this association, a recent study by Marques et al. [17] found that lifetime prevalence of any binge eating was greater among ethnic minority women compared to white women.
Understanding the underlying causes of binge eating in minority women may help identify appropriate interventions to reduce the disparity in overweight and obesity. Binge eating is driven by factors other than physical hunger or metabolic need [18] . BED and the presence of binge eating symptoms have been linked with depression [13, [19] [20] [21] [22] [23] . Depressive symptoms are an important predictor of binge eating in women across ethnic groups [13, 24, 25] . Fitzgibbon et al. [19] found the strongest associations between depressive symptoms and BED in Hispanic women, and a study by Mazzeo et al. [20] found that depressive symptoms were equally associated with BED in Caucasian and African American women [19, 20] .
Depressive symptoms are well-established correlates of BED and binge eating in minority women, but the role of stress in BED and binge eating in this group is not well understood. In general, women with eating disorders tended to perceive their lives to be more stressful and have a lower tolerance of stress than those without eating disorders [26] [27] [28] . Physiologic studies by Gluck et al. [29, 30] provide additional support for this relationship, as they found individuals with BED reported increases in hunger and desire to binge in response to stressful events, and higher levels of cortisol (a physiologic indicator of stress) at baseline or following stressful events. Minority groups report discrimination stress as an additional source of stress [31] , and in support of a differential relationship between stress and BED based on ethnicity, a study by Harrington et al. [32] reported stronger associations of binge eating and stress in Caucasian women compared to African American women. In contrast, when examining the relationship of stress and binge eating in ethnic minority women, a recent study found that stress was not associated with binge eating severity [13] .
The underlying psychological mechanisms of binge eating may differ by race or ethnicity and further research is needed to understand the role of stress, and the interaction between stress and depressive symptoms on binge eating symptoms in African American and Hispanic or Latina women. Previous literature has established a link between BMI and binge eating, and in this study, we will build on this relationship by including a measure of body fat (BF%). Measures of BF% are more accurate predictors of adiposity than BMI, particularly in minority populations [33] [34] [35] [36] [37] [38] . Due to the robust, positive correlation between BMI and BF%, we expect a positive correlation between binge eating symptom severity and BF%. In this study, we were interested in determining whether a relationship existed between stress and binge eating, and depression and binge eating, independent of BF%.
Although previous studies have found a positive relationship between depressive symptoms and binge eating symptoms, it is not clear whether a threshold for significant or clinically relevant levels of depression must be met for this relationship to exist. Therefore, the primary aim of this study was to examine the relationships among presence of significant depressive symptoms, stress and binge eating after accounting for BF% in a community-dwelling sample of African American and Hispanic or Latina women. We hypothesized that having significant levels of depression, and the interaction of having significant levels of depression and reporting greater stress levels would be positively associated with binge eating symptom severity among women.
Methods

Study design
This was a secondary analysis of cross-sectional data from the Health Is Power (HIP; NIH 1R01CA109403) project. HIP was a randomized controlled trial designed to increase physical activity and improve dietary habits among African American and Hispanic or Latina women. Details of the HIP study have been published previously [39] [40] [41] [42] [43] . The HIP project was approved by the Committee for the Protection of Human Subjects at the University of Houston, and participants provided written informed consent to participate. The investigators certified that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the investigation.
Participants
Participants were recruited to HIP from June 2006 through July 2007 via the media, brochures, announcements at churches, information tables at community health fairs, and internet communication. Relevant inclusion criteria included (1) self-identified as African American or Hispanic or Latina, (2) between the ages of 25 and 60 years, and (3) able to read, speak, and write in English or Spanish. Of the 410 participants enrolled and assessed in the HIP study, 154 women (African American, n = 171; Hispanic or Latina, n = 44) had complete data for the measures of interest and were included in the present study.
Procedures
Data for the present study were gathered from intervieweradministered questionnaires during the baseline health assessment and self-administered questionnaires provided during a 2-week ''run-in phase.'' Questionnaires on socioeconomic status, demographics, and binge eating were administered by interviewers who read the directions and questions to participants. Participants were provided printed scales and visual representations with corresponding questions for reference during the session with the interviewer. After the baseline health assessment, participants were provided a questionnaire packet to take home, complete, and return at the randomization meeting. The questionnaire packet included paper and pencil measures for depressive symptoms, stressful events and stress impact, and binge eating symptoms.
Measures
During the baseline health assessment, height was measured using a mobile stadiometer by trained research team members; weight and BF% were calculated using a Tanita Body Fat Analyzer scale (TBF 105, Tanita Corporation of America, Inc., Arlington Heights, IL).
The Center for Epidemiological Studies Depression Scale (CES-D) was used to measure depressive symptoms [44] . The CES-D is a self-report questionnaire of 20 items rated on a 4-point scale. An overall score is calculated by totaling the scores for each item. A higher score indicates higher levels of depressive symptoms. Scores on the CES-D can be used to indicate the severity of depressive symptoms. A cut-off score of 16 was used to designate those with a significant or clinical level of depressive symptomatology. The internal consistency reliability for the CES-D is high (a = .91) [44] . These reliability scores were developed from the standardization sample, a sample of headache patients, and a sample of coronary heart disease patients [45] . The CES-D has been used in multiethnic populations to measure depressive symptoms [22, 46] .
The Weekly Stress Inventory (WSI) was used to measure stressful events and stress impact over the past week [45] . The WSI is self-report questionnaire of 87 items. Each item is measured in two ways. First, the participant indicates whether the event occurred within the past week. The total of these items provides the number of stressful events (WSI-Event). A higher score indicates that the participant reported a greater number of stressful events in the past week. Second, if an event occurred in the past week, then the experience of perceived stressfulness of the event is rated on an 8-point Likert-type scale. The total of these items provides the stress impact score (WSI-Impact). Higher WSI-Impact scores indicate that the participant reported experiencing greater amounts of stress over the past week. In a standardization sample, the internal consistency reliability for the WSI-Event alpha coefficients ranged from .92 to .96 and the WSI-Impact alpha coefficients ranged from .93 to .97, and no significant differences were found on sex or race [45] .
The Binge Eating Scale (BES) was used to measure binge eating symptom severity. The BES is a self-report questionnaire of 16 items rated on a scale of 0-3 [47, 48] . For each item, participants are presented with a series of statements and asked to indicate which statement most accurately applies to them. An overall score is calculated by totaling the scores for each item. A higher score indicates a greater binge eating symptom severity.
Statistical analyses
Descriptive analyses were conducted to examine the frequency, distribution and normality of each variable. Due to a positively skewed distribution, WSI-Impact scores were exponentially transformed to meet the assumption of normality. No other transformations were required.
Differences between African American and Hispanic or Latina participants were compared for age, median household income, education, BMI, BF%, CES-D, WSIImpact, WSI-Event, and binge eating symptom severity (BES). Independent t tests were used for all continuous variables. A Chi-square test was used to compare the prevalences of clinically significant levels of depression (CES-D score C16) between African American and Hispanic or Latina participants. Person correlation coefficients were used to evaluate bivariate associations among ethnicity, age, median household income, education, BMI, BF%, CES-D, WSI-Impact, WSI-Event, and BES.
Sequential (sometimes referred to as blocked) linear regression analysis was conducted to determine associations of depression, stress, and the effect of the interaction of stress and depression on BES. No significant differences by ethnicity were found for WSI scores, prevalence of depression, or BES, so analyses were conducted using the combined data. In the bivariate analyses, only BF% and BMI were correlated with BES. BF% and BMI were strongly associated with one another (r = .79), so to avoid multicollinearity, only BF% was included as a covariate in the regression model. Bivariate correlations also found that WSI-Event score and WSI-Impact score were highly correlated (r = .77). WSI-Impact score cannot increase without an associated event, so to avoid multicollinearity, only WSI-Impact score was included as a predictor of stress in the regression model.
The BES was the dependent variable for the regression analysis. The first block of the regression analysis included only BF% as a predictor to remove its influence. The second block included CES-D as a dichotomous variable (0 = score\16, 1 = score C16), WSI-Impact score and an interaction term of WSI-Impact and CES-D are used to evaluate the additional influence of these factors on BES after controlling for BF%. Table 2 .
Regression model predicting binge eating score severity
The regression model significantly predicted BES [F(4,169) = 9.214, p \ .001]. Analyses showed that BF% (p \ .001), CES-D (p = .033) and WSI-Impact (p = .002) were associated with BES. The interaction of CES-D and WSI-Impact was not significantly associated with BES. A summary of the relationships described in the regression model is presented in Table 3 and showed that higher levels of BF%, a CES-D score C16, and higher WSIImpact scores were associated with higher scores on the BES.
Discussion
Understanding the underlying psychosocial mechanisms of binge eating symptom severity among African American and Hispanic or Latina women is important for guiding obesity interventions which may help reduce the prevalence of overweight and obesity in these populations. The purpose of this study was to examine the relationships among depression, stress, and binge eating symptom severity in a community-dwelling sample of African American and Hispanic or Latina women. The results of the associations among depression, binge eating symptom severity, and BF% severity supported our hypothesis. The interaction between stress and depression was not significantly related to binge eating symptom severity, which did not support our hypothesis. An unexpected finding was that perceived stressfulness of an event (WSI-Impact) was also independently related to binge eating symptom severity. Based on the previous, equivocal findings for the relationship between stress and binge eating in minority populations [13] , we did not foresee finding that stress would predict binge eating symptom severity after controlling for BF%. This finding was particularly unexpected since our sample of community-dwelling participants did not present in a clinical setting with diagnosed BED. It would have been more likely that having sub-clinical BED symptoms would decrease the chance of detecting an effect than had we also had a large sample of more severe binge eaters, or participants diagnosed with clinical BED. One explanation for this discrepancy could be the measures used in the two studies. Whereas Azarbad and colleagues used a measure of traumatic stress in their study, in the present study, the WSI assessed minor life events, or daily stressors, similar to the scale used by Crowther et al. [26] , who also found that women who engage in binge eating rated daily hassles as more stressful than women who did not binge eat. This finding also aligns with the elevated physiologic response to stress (cortisol levels) in obese women with BED, compared to obese women who are not diagnosed with BED [29] .
Consistent with previous research in samples of similar races/ethnicities and ages, we found a significant, positive relationship between depressive symptoms and binge eating among African American and Hispanic or Latina women [13, 14, 19, 21] . This finding aligns with those of prior studies, including one by Fitzgibbon et al., which found that of the variables entered in a hierarchical regression analysis (age, education, BMI, depression score, and body image score), BMI and depressive symptoms explained 11 and 9 %, respectively [19, 20, 46] . Fitzgibbon et al. [19] also proposed that depression was the most robust of the theorized causal predictors of binge eating.
The present study had several strengths, including a sizable, community-based sample of overweight and obese African American and Hispanic or Latina women. Those who are free-living in the community, particularly African American and Hispanic or Latina women, have been understudied compared to treatment-seeking samples. Use of a community-based sample allows inferences to be made to the larger population of African American and Hispanic or Latina women who may not seek treatment. This population has been found to underutilize mental health services compared to Caucasian women seeking treatment for BED, and therefore may be less likely to seek or receive treatment [17] . Using this information, additional studies should be conducted to investigate further BED, binge eating, their correlates, and potential treatments in similar samples. A second strength of this study was the participants' ages. The mean age of participants in the present study was 45 years with wide variability (SD = 9.2 years). Most of the previous research in this area has focused on younger, college-aged populations [9, 12, 22, 24, 49] . Recent research has begun to hint that BED and binge eating behaviors may manifest in middle-aged women [50, 51] , as observed in our sample. This may reflect the changing roles of women in the workforce, and secular trends emphasizing greater independence throughout the lifespan for women. Unintended consequences of these trends may be increases in stress, depressive symptoms, and binge eating that has not previously been documented, and may suggest an important subgroup of the population in need of assistance. A third strength of the present study was inclusion of both African American and Hispanic or Latina women. A limited amount of prior research includes both races/ethnicities and provides results based on each race/ethnicity. We consider it a strength due to both the higher prevalence rates of BED/binge eating as well as the escalating rates of overweight and obesity in African American and Hispanic or Latina women compared to African American and Hispanic or Latina men. Additional strengths included the use of measured height and weight to calculate BMI, and the CES-D and WSI, that are widely used, well-validated measures of depressive symptoms and stress.
The cross-sectional design, use of a convenience sample and the potential for selection and participation biases may limit generalizability of the present study. From these cross-sectional results, we cannot determine causal pathways among binge eating, body fat, stress or depressive symptoms. Although the results suggested a relationship among depressive symptoms, BF%, and BES scores, longitudinal research is needed to understand how changes in any one of these factors would impact the others. Although the sample size in our study was smaller than typical clinical samples of BED patients [13] , it was comparable to previous studies which have also examined binge eating in a community sample [8] . A larger sample size may have resulted in increased statistical power to detect meaningful differences as statistically significant. Regardless of the lack of previous data, the strengths of this data set make this work an important contribution to the literature.
The findings from the present study can inform evidence-based clinical practice. As clinicians treat overweight or obese African American and Hispanic or Latina women, discussions should include depressive symptoms, stress, and binge eating behavior. Treatments for binge eating should address depressive symptoms and stressful life events as an underlying cause, and treatment for depressive symptoms in overweight or obese patients may include strategies that address binge eating. If depressive symptoms, high levels of stress, and binge eating symptoms are apparent in an overweight or obese patient, the clinician must develop a holistic approach to treat not just the excess weight, but the possible underlying issues leading to the weight gain.
This study found that higher BF%, clinically significant levels of depression, and high ratings of perceived stress (WSI-Impact) were related to greater severity of binge eating symptoms measured by the BES in a communitydwelling sample of African American and Hispanic or Latina women. Findings suggest that the association of binge eating symptoms with overweight and obesity in a community-dwelling sample could mean that addressing binge eating and BED in community-based programs might be a promising venue for addressing overweight and obesity. Future research should examine the impact of treatment for depression and stress reduction techniques on severity of binge eating symptoms.
